SOIL SURVEY IN SALT RIVER VALLEY, ARIZONA. 


By THOMAS H. MEANS, 
INTRODUCTION. 


The southern part of the Territory of Arizona is made up of flat 
valleys or plains from which mountains rise abruptly in isolated peaks 
or short ranges. The uniform grade of the country, the warm and 
arid climate, and the presence of water in the large streams combine 
to make it an ideal land for irrigation. It has evidently been so con- 
sidered for ages, for over the surface of the desert throughout the 
southwest are found relics of ancient peoples, their houses in ruins, their 
irrigation systems scarcely traceable, but nevertheless still numer- 
ous evidences of their existence. Evidences exist that this country 
was at one time thickly inhabited by an industrious people, but when 
first entered by white men only a few scattered Indian tribes were found 
along the permanent water courses. Though lacking in numbers, 
these were industrious, farming Indians, whose small canals and 
ditches covered the lands adjacent to the rivers. Since the advent of 
the white man with his new ideas the farming lands have been greatly 
extended, unti] at present in the Salt River Valley alone there are 
nearly 300,000 acres of arable lands lying below irrigation canals, of 
which probably one-third, or about 120,000 acres, are under permanent 
cultivation. 

The importance of this southwest desert country as a farming and 
fruit district has long been recognized, but the development has 
largely been within fifteen years, and at no time has the progress 
been so rapid or substantial as at present. 

The desert country at the present time is assuming a great impor- 
tance in irrigation development, and to these perfectly graded lands 
a great extension of irrigated areas is looked for.in the future. The 
one obstacle in the way of development is the scarcity of water at 
some seasons of the year. This obstacle is not insurmountable, for 
large quantities of water are lost every year in the heavy floods which 
sweep across the plains and down the valleys. The storage of this 
wasted water in the mountains by the construction of dams would 
enable a much larger area to be brought under irrigation. 

This soil survey was conducted by the Division of Soils in coopera- 
tion with the Arizona experiment station. Prof. Robert H. Forbes, 
director of that station, suggested the areas to be surveyed, and 
assisted the field operations in many ways. Mr. J. Garnett Holmes, 

287 


988 TIELD OPERATIONS OF THE DIVISION OF SOILS, 1900. 


in the employ of the Arizona experiment station, acted as field assist- 
ant throughout the work. The position of the area surveyed is shown 
in fig. 27, and in greater detail in fig. 28. A number of analyses and 
much information of value concerning the district surveyed were 
obtained from Professor Forbes. 
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Fig. 27.—Sketch map of Arizona, showing area surveyed. 


GEOLOGY AND TOPOGRAPHY. 


The material on the present surface of the southwest desert is the 
result of ages of erosion from the surrounding mountains, together 
with quantities of materials brought down from distant points. by the 
streams. 

The rocks which predominate in the mountains are granites and 
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more recent volcanic rocks, usually basalts. The surface material is 
almost entirely derived from these. 

The Salt River Valley was once much deeper than at present. The 
waste which fills the valley was washed down from the mountain 
sides and canyons, gradually filling the older valley, uniting the 
smaller lateral valleys, and covering the hills in the bottoms until one 
great series of gently sloping plains was formed with only the tops of 
the mountains left showing above their own disintegration products. 
The depth of the washed material varies greatly with the locality, but 
when near the center of the valley, at Phoonix, a boring was made 
to a depth of 500 feet without striking rock, while recently a depth of 
1,305 feet was reached at Mesa, the work ending in clay. 
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Fig. 28,—Sketch map of Salt River Valley, showing areas surveyed. 
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The formation of the Salt River Valley is naturally divided into 
two periods: A destructive cutting period, when the streams are con- 
stantly carrying material out of the valley, cutting it deeper and 
wider and tending to reduce the surface to sea level; and a construct- 
ive or filling period, when for any reason the stream loses its carrying 
power and the material from the higher levels accumulates in the 
valley, filling it up more or less in layers or strata. 

Without going into details, the history of the valley has probably 
been as follows: The elevation of the southern part of the Territory 
gave the streams greater fall and thus increased their cutting power. 
Deep, narrow gorges were cut, slowly widening as the streams mean- 
dered and cut down the banks. The produets of this erosion were car- 
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ried out and away into the ocean, leaving the surface of the land 
carved into deep valleys and high mountains. A gradual subsidence 
then began, the carrying power of the stream was reduced, and the 
débris brought down from the mountain sides and carried into the 
valley from the more elevated portions of the drainage basin was 
deposited, slowly filling the valley to near its present condition. This 
filling process is still going on. The fragments of the sides of the 
mountains are still being washed into the valley and the tendency is 
to bring the hilltops and the valleys to the same level. The greater 
part of the rainfall in this portion of the southwest comes in the form 
of heavy torrents, producing rapid rise in the streams and great carry- 
ing power fora short time. Thus, each canyon or arroyo entering 
the main valley deposits great cones of gravel and sand around its 
mouth, where the waters spread into a fan and lose their carrying 
power. Gradually these cones of debris spread until their bases meet 
and join, building the sediments higher at each flood. The washes 
from the mountain sides themselves spread sediments out and over 
the valleys. In this way the valleys are filled, the surface veneering 
material, except that which lies directly in the path of the present 
active washes, being carried but short distances from the nearest 
mountains, and should be classed as colluvial rather than alluvial. 
This porous material allows most of the water of ordinary times to 
sink and flow under ground, and it is only in times of heavy flood that 
the streams now carry water above ground. 

The movements of the waste by flood waters only and the tendency 
of water to level everything in its way have been the causes of the 
nearly level land of the bottoms of the valley. This apparent level 
condition extends to the base of the mountains, the rise being gradual 
until the base of the mountains is reached, at which point the valley’s 
surface abruptly ends and the steep slope of the mountains begins. 
The uniform slope of the lower levels is maintained by the floods 
which, rushing down the mountain sides, sweep in a thin sheet across 
the plain. Naturally the material in the center of the valley would 
be the finest, since it has been carried further. 

Thus, it is true that the soils of the mountain slopes are gravelly 
and sandy, shading by almost imperceptible degrees down into heavier 
and clayey soils of the center of the valley. This arrangement of 
soils can be accepted as generally true of these valleys, except where 
other factors have entered to modify the texture or sequence of the 
soils. In the Salt River Valley there are three factors which have 
entered to modify the normal colluvial sequence. . These are the flood- 
ing of the center of the valley by the Salt River and the consequent 
deposition of sediment or. removal of materials already there; the 
action of the wind in accumulating fine sediments, such as dune 
sands; and the effect of irrigation with muddy water upon the soils. 


VEGETATION ON DESERT LAND NEAR THE MOUNTAINS. GRAVELLY SOILS, TEMPE AREA. 
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This last factor produces partly the effect of flooding by the river, 
but it is a factor entirely within the control of man. The change in 
texture due to the deposition of sediment is very noticeable in some 
of the lower soils, as will be shown later. 

The origin of the normal soils of the valley is to be considered col- 
luvial rather than alluvial, since the material is but the talus slope of 
the foot of the mountains spread out until nearly level. The wind- 
blown materials and the soils of the immediate river sides are of dif- 
ferent origin, the one seolian and the other alluvial. 


CLIMATE. 


The climate of southern Arizona is distinctly arid, the temperature 
high and relative humidity low, but the wind movement slight, so that 
the evaporation is not so great as would be supposed from the relative 
humidity and temperature. The following figures indicate the mean 
monthly and annual temperature at several points in the Salt River 
Valley taken from data published by the Weather Bureau: 


Mean monthly and annual temperatures. 


Month. Pag | Trane Mesa. |Phoenix. 
° farm. 
Deg. Deg. Deg. Deg. 

January... -- _ webs cece Uaede ste ctkecpebectan bes 53.2 47.8 48.2 49.0 
February .... 56.7 52.9 50.6 53.9 
March -._....- 59.3 60.3 5U.5 6L.0 
PAPE as 2 sonia eee see eva oet seems cdemerdeeedereyacanseaese 66.7 69.2 65.8 67.2 
MAS Goch ans eta bees See TS sare Teal ak ee carta 74.0 92.2 68.1 74.6 
PUNO ii tey aves Acs cossctsiedddud bensdeciuus icc iumessadhiweases 80.0 85.2 82.4 82.7 
Di yd 5.2 2a aeons Pas Sinn eee neha dts adhd 80.7 93.2 88.8 89.5 
WU BUSES oven ce see sek ot vee eeeseeventy voevestocem cence anes 87.8 87.0 84.3 88.0 
Reptom bers. ox civncw sus ldeereveiegcuevaswecovidsawedietesseaeus 81.2 84.0 82.6 80.8 
October -..... 69.6 66.9 66.6 69.3 
November -.- ee 58.7 58.1 58.3 57.6 
December --...--. ..-- 52.9 50.1 51.6 53.0 
"Wa oe succes lccnscagescuessivicceegocukeacucesnecdes 69.0 68.9 87.1 68.9 


The maximum temperatures range from 110° to 115° and occasion- 
ally higher, and the minimum temperature goes as low as 25°. Even 
with the high temperature which prevails during the summer the low 
relative humidity renders the sensible temperature much less. 

The rainfall is distributed largely in two rainy seasons, July and 
August, and December and January. The following table shows the 
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normal monthly rainfall for six stations in the valley, compiled from 
all the data available from Weather Bureau reports: 


Mean monthly and yearly precipitation. 


Month, ag ‘mene | yore Mesa. | Peoria. | Phoenix, 

Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
PARUBLY sce Seid se ceed sesuioeeccave geevce 1.08 1.20 44 1.26 1.29 mya 
Pebriary :s..c3sccrcevereaseecansececovee +B HH 46 +34 87 -89 
-60 Tr. -69 Tr. «64 -68 
Tr. 00 acy Tr. 08 30 
-09 -00 7 00 «18 16 
01 1.10 06 - 68 O01 07 
1.04 1.24 -40 1.35 1.08 +85 
AUSUSE oo: weecsewess oeesceqes schemes Ln 1,58 -91 30 Lis o7 
September oe +85 89 At 76 -50 54 
October ..---.- 0.2.22. 68 34 84 a1 . 92 -62 
November 42 48 3) 46 40 44 
December, . csccsscsesccesoesensce essays 99 12 . 84 06 1.16 1.12 
NGAP 228 i daceeweseeseelaneeosene 6.60 7.01 5.17: 5. BR 8.41 7.21 


Elevation plays a great part in the rainfall, and since the irrigation 
water comes from the mountains, a consideration of the rainfall of 
the mountains is important. The rainfall and elevation are given for 
a number of stations within the drainage area of the Gila River. 


Annual precipitation and elevation, 


Locality ae ea Locality nee |e 
Feet. Inches. Feet. Inches. 
Bick6Y6:sc2e06-h ees weeenkccus 900 6.60 {} Pantano. __....-.------------ 38, 536 12.20 
PROONIK cee sewtecceincnecs 1,108 Wek || Ore coos pocsnueveecteesiereend 8,610 13.79 
Experiment farm .....--.... 1,110 7.01 || Oracle 4,500 17,41 
Maricopa ..---._. _ 1,173 5.17 || Dragoon. _- 4,614 18.52 
P@G¥I8 i ooo caoneceu sce ceeeus 1,200 8.41 || Fort Grant 4,916 16. 85 
MGS8icecvesnecevets socvehecss T, 24 6.52 }] Natural Bridge -____- 4,990 18.70 
Dudleyville. - = 2,860 12.79 | Huachuca Mountains. __.... 5, 000 18.39 
Tucson. . 2 2, 430 12,11 || Fort Apache:..-......-..---.| 5,200 21.04 
San Carlos age 2,456 18.08 
I 


An examination of these figures shows that for every 1,000 feet in 
elevation the rainfall increases 5.8 inches, or for every 260 feet in ele- 
vation the rainfall increases 1 inch. A large part of the watershed 
of the Gila River is above 5,000 feet and receives from 18 to 20 inches 
rainfall. This high rainfall, which largely comes in torrents, is the 
source of the heavy floods which pass down the Salt and Gila rivers. 

The wind movement in the Salt River Valley is very slight, so slight 
that few windmills are in use, At higher elevations—Tucson, for 
example—the velocity is greater, but even then the windmills have to 
be adapted to light winds of 5 to 6 miles an hour. 
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At Phoenix the wind movement is shown by the following table, 
which is a summary of the Weather Bureau observations: 


Wind movement, Phoenix, Ariz. 


Month. Daily. | Hourly. Month. Daily. | Hourly. 
Miles. Miles. 
January 2.22 22.222 <nencaesee 54.0 2.2 
February - --.--.-- 68.0 2.8 
March --..-------- “ 57.1 24 
April. 75.3 3.1 
May sc tuccssserscegadencsesace 62.2 2.6 
DUNG iss sagunssn cceseeseesenes 64.3 2.7 
TONY aecnee cece ences eres 66.8 2.8 |] 


With this light wind movement, even though the relative humidity 
is low and the temperature high, the resultant evaporation is much 
below that which the figures for the temperature alone would seem to 
indicate. Very little in the way of reliable or complete data can be 
found concerning the evaporation in southern Arizona. An estimate 
made from incomplete data by the U. 8. Geological Survey gives the 
annual evaporation at Tempe as 91 inches. An average of three 
years observations made at Tucson by the Arizona experiment station 
gives 77.7 inches evaporation.. This is the most complete record 
available and is perhaps more nearly correct than that published by 
this Survey. The general impression is that the evaporation in the 
Southwest desert is greater than in any other part of the United 
States. From all the data available, the western portion of Texas 
and eastern New Mexico from El Paso north has a greater yearly 
evaporation than any other part of the United States. This is 
largely due to the high average wind velocity and low humidity which 


prevail over this territory. 
SOILS. 


The soils have about the following areas: 


Areas of the different soils. 


. Percent- 
Soil. Boeck: |Fahoot | shank’ | Total. | SE23° 
area, 
Acres, Acres. Acres. Acres. 
Maricopa sandy loam .......-.-.-2- 222.00 --eeee eee 58,010 39,850 9,046 | 106,906 387.2 
Glendale loess. __.....-..----- eleeseknweds 52,040 |.-.-.----- 52, 040 18.1 
Maricopa gravelly loam --..- 17,680 82, 720 666 51, 066 17.8 
Maricopa loam .-..-- -- -| 10,420 10, 230 |...--.--.- 20, 650 72 
Gila fine sandy loam ---.---------------------- +--+] -----e-e2- 2,778 15, 800 18,578 | 6.5 
POCOs SANG «. ins se sess Seeses Soeeeeesee bs tuna geeese 5, 652 6, 600 1, 708 13, 960 
Salt River adobe -- 7,871 |----.--.--| 18,655 
Maricopa clay loam . cs eee 8,713 
Salt River gravel... .....-0-- seeeneeceeenereeeeeee| 1,804 |.------~--]------ ---- 1, 804 
Total ..i2.4--22-+ oes 155,808 | 27,220 | 287,372 | 
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These sands are found along all rivers of the desert. country and 
generally throughout the arid belt. They were first described in 
Report 64! of the Department as Pecos sands and that name has been 
retained. They are always close to the river and are sands brought 
down by the streams, washed out upon the neighboring lands at times 
of high water, and blown farther inland by winds in the form of low 
dunes. The characteristic vegetation of these sands and dunes is 
mesquite, willow, canaigre, cottonwood, and numbers of smaller 
plants. Great differences in the native vegetation exist because the 
depth to water, which is the most important controlling factor, varies 
greatly. Close to the river, where the water is near the surface, wil- 
lows and cottonwoods predominate, while in the drier dunes mesquite 
is the most prominent plant. 

The soil is usually deep, at least 6 feet of almost uniform sand, 
underlain at greater depths by gravel and bowlder beds through which 
the underflow of the rivers slowly moves. Along the margin of the 
areas, where the soils have drifted over other soil formations, the depth 
becomes less, gradually thinning out to a mere veneering of wind- 
blown or flood-drifted sand. 

The texture of this character of soil is shown in the following table: 


Mechanical analyses of Pecos sand. 


z]./2 /¢ Je J2 Jal 
x | £|2 13 |/8 |e | ois 
f | = |=.|s¢/8,] da) = | 3, 
eg] 3 | gd | #8 | cg | ea 
No. Locality. as & F § ae J os g 8 E 
2 : gi |g | 85] 8 /é 
a Zig EI g# ; 8? | 5 
3 S ca P| foo) bp s 5 
# £8 |3 | 2 | 8 af 
io) 5/5 al fe > a | od 
P.ct. | Pret. | P.ct. | P.ct. | Piet. | P.ct. | Piet. | Pict. 
4484 | 1i miles H. of Tempe --..-..- 2.54 |... eee Tr. 4.20 | 30.07 | 33.89} 21.70 TAB 
4582 | Mouth Hassayampa River..| 1.30 |...-.--- 2,881 15.50 | 41.70 | 24.84 7.81 5.28 


The first analysis, 4484, is typical of the Salt River sands, and 4532 
is typical of the Hassayampa and Agua Fria rivers. The sands which 
are brought down by the Gila River are much finer than those 
carried by the other rivers. This is undoubtedly owing to the greater 
distance the sands are carried by the Gila River after leaving the 


1 Field Operations of Division of Soils, 1899, p. 62. 
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mountains. The following analysis shows the texture of the sands 
carried by the Gila River: 


Mechanical analysis of sands carried by Gila River. 


Land. Diameter. Percent. 
Millimeters. 

Fine gravel... ..- oe seo ecee nance eee ee ce ene ce eee cee meee cece ences 2 tol [nee nn eene 
Coarse sand ......-.-. a5 excel, to .5 oa 
Medium sand.......--.-- 5 to .25 Tr. 
Fine sand ........----- 25 to .1 3.86 
Very fine sand -._.._. 4 to .05 46.63 
Silt. cc csesdleces apet eee seebesed eave, Hee ees ----| 05 to .005 14.34 
Olay s sevesieinceee teen ccetuesdusthesis sesaieeee -005 to .0001 1.73 
Organic matter, loss ......--.------- -------- 22 eee eee eee eee ee veccee [eeeee necccs sean 2.61 


Such a soil, where mixed with a little more clay, is classed as a fine 
sandy loam, and in this way is formed the Gila fine sandy loam of the 
St. Johns and Buckeye districts. 

These sand soils contain but small quantities of soluble matter 
throughout their extent. These salts are derived largely from the river 
waters, which always contain small quantities of soluble salts. The 
alkali salts are not present in sufficient quantity to be harmful to veg- 
etation, and, moreover, the open texture of the soil permits the ready 
leaching of the salts by irrigation. Little of the river land is under 
cultivation. A small area south of Phoenix is largely devoted to 
truck crops and successful results there obtained recommend the 
soils for this class of farming. The soil is the natural home of canai- 
gre, and if the cultivation of this plant will ever be a success it will 
be here. The soil is very light and leachy, and to improve its work- 
ing and lasting qualities flooding with muddy water is to be rec- 
ommended. The sediment of the river water at flood time is very 
rich in plant food, and its addition to the sandy soils will greatly 
improve them in many ways. 


RIVER WASH, 


This soil is the material occupying the bottoms of the many river 
and stream washes. The material is almost entirely gravel and sand 
mixed in a heterogeneous mass, and because of its position is never 
farmed. Of a similar class are the low islands in the stream channels. 


SALT RIVER GRAVEL. 


Lying along the edge of the mesa, north and west from Mesa, on the 
Tempe sheet, is a strip of very gravelly soil which has been named 
Salt River gravel: This soil is of little agricultural value, owing 
to the steepness of slope and amount of gravel. Parts of it, however, 
might make valuable land for the cultivation of grapes and olives. 
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As has been stated, this soil is sediment deposited directly from the 
Gila River. The same class of material was observed at the Maricopa 
and Phoenix Railroad bridge over the Gila River and from the mouth 
of the Salt River as far down the Gila River as the old Gila Bend 
dam, 33 miles below the Salt River. 

The soil, like the Pecos sand, lies always close to the river, and as 
regards topography and native vegetation is similar to that soil. The 
mechanical composition of this soil is shown in the following table: 


Mechanical analyses of Gila fine sandy loam, 


No. Locality. 


0.25 mam, 
0.05 mm. 
mm. 


loss. 
Gravel, 2 to 1mm. 
Clay, 0.005 to 0.0001 


| Silt, 0.05 to 0.005 mm. 


| Coarse sand, 1 to 0.5 
2) mm. 


i) 
o 


a Organic matter, and | 
8 ' 
2 

so 

8 

= 

gt 

gs 

8 

& 

Mal 


é ™ | Medium sand, 0.5 to 
| Fine sand, 0.25 to 0.1 

‘ i mm. 
Very fine sand, 0.1 to 


° 
& 
3 
Pa 
3 
3 
S 
y 
eo 
= 
A) 
9 
s 


4509 | 7 miles E. Buckeye .........- 
4530 | ‘14 miles E. mouth 
yampa River ..... 6.04 foo... Tr. 1.04 2.86 | 37.45 | 42.14 10,05 


4517 | 74 miles E. Buckeye_ eee) 0 Bed logeweced|-casese Tr. 2.86 | 49.26 | 32.21 10.33 
4531 | Arlington.......-....-2..---- 5.56 Tr. - 90 1,42 2.60 | 39.02 | 36.96 12.17 


The soil is almost entirely composed of very fine sand and silt with 
about 10 per cent of clay and small quantities of coarse sands. Such 
a composition produces a soil, very mellow, of easy working qualities, 
one which does not puddle easily or bake into hard clods. A soil of 
this type is adapted to a large variety of crops, and under irrigation 
would yield well with nearly any crops suitable to the climatic condi- 
tions. Such a soil under humid conditions would be classed as a corn 
loam and would correspond to the lighter bottom lands in the central 
Mississippi Valley. The soil closely resembles the lighter types of 
plains marl of western Kansas and Nebraska. 

This soil invariably carries alkali salts in its uncultivated condition. 
Such is the natural result of its low position and great and rapid 
capillary power. The waters of the Gila River carry small quantities 
of alkali salts, and the evaporation from the surface of the soil has 
resulted in the accumulation of alkali. This soil, however, permits 
ready leaching, and wherever there has been good natural under- 
drainage little damage has resulted from the presence of the alkali 
salts. 

SALT RIVER ADOBE, 


There are several well-defined areas of heavy soil occupying posi- 
tions near the trough of the valley. They show a section of 2 feet of 
heavy loam or clay, underlaid by sandy loam. . They are generally 
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long, narrow strips, parallel to the river, with their lower margins 
covered with the Pecos sand. Above the long, narrow strips of adobe 
are found in many places evidences of ancient canals. These canals 
belong to the same prehistoric peoples as do the adobe ruins whieh 
are so abundant throughout the Southwest desert. From the number 
of the canals which have been found it is evident that the country 
was once much more thoroughly cultivated than at present, and that 
a great number of people were supported by the products of the irri- 
gation. From the peculiar character of the soil and the position 
directly below ancient canals, it has seemed likely that it is the sedi- 
ment from prehistoric irrigation. 

The following table shows the mechanical analyses of the samples 
of adobe: 


Mechanical analyses of Salt River adobe. 


2|/.]2 /2 |¢ /2 | 4 lg 
g q [2 Sig |e | Fie 
2o|-= [Galt] 8, | 8a) 2 18. 
Locality. Depth. #1 8 | BF) s8| <8 | és q 
et tee moe aS) 1) te | ge | ge | 2 [gs 
= of ES |g f#s/ 8 |6 
FI oie |sr,e@ | a 3]. 
§ E g ba] 2 b ee mb 
Bs = | 8 © & ® a |S 
° ob }|o [A & > aH |d 
P.ct. | P.ct. | P.ct. | Pct. 
4479 | 1 mile 8., 7 miles W. 12.80 | 26,58 | 29.92 | 18.10 
empe. : 
4449 | 24 miles S., 4 miles | 0 to 12inches.____| 7.41 6.70 | 21.38 | 34.74 | 21.87 
W. Phoenix. 
4471 | 2miles E. Tempo ....| 0 to 24inches...-. 4,49 7.66 | 23.38 | 27.05 | 33.24 
4487 | limilosN. Mesa......|.--.- WO sins os .| 7.00 5.87 | 21.80 | 29.03 | 33.98 
4435 Baniles 6. 5 miles W. | 0 to 12inches..-.. 7.25 2.37 | 22.87 | 82.52 | 35.05 
oentkx, | ' 
4438 | Subsoil of 4485 ___....| 12 to 24inches ...| 7.82 | Tr. | .28| .48! 3.76 | 19.58 | 27.38 40.09 


The subsoils of this adobe land are always a loam or sandy loam at a 
depth of 2 or 3 feet. The mechanical analyses of these subsoils are 
shown in the following table: 


Salt River adobe subsoils. 


elle lak 
eigl? j§./8 |2 1g ls 
fla (sel 288. | 2a} = | 
Locality. Depth. | 8 4 cH ah 2 
No. . ¥. ep! AS oe a 5 Bie g § os 8 3 | 
2. i ds | f&s | 8 is 
A 3 |g 8 a 2s S is 
2 |aifls is | 3 Be a |B 
[bs £ |8 @ s o m | 
° G6 jo 1s Fa > a [Od 
P.ct.| P.ct.| P.ct.|P.ct.| Pret. | Pct, | Piet. | Pet. 
4492 | 12 miles N. Mesa ....- 24 to 48 inches....| 4.33 | Tr. | 1.27 | 1.35 | 18.16 | 41.05 | 23.84 | 14.96 
4493 Pamile S., 7 miles W. | 21 to 48inches....| 2.88 |..---. Tr. | 1.73 | 17.52 | 87.85 | 24.21 | 16.25 
‘emmpe, 
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In order to compare the texture of the adobe soil with that of the 
sediments which are at present being deposited by the river, the fol- 
lowing mechanical analyses are given: 


Mechanical analyses of sediment from Gila River. 


| si¢f[3f2]4a4lg 
s j ° ap 8 a a 4 
a F Pp Ss P o 3 a 
g ~ |g le. Sg 2 
Ss o co. y ag a i 23 
: oa ° Lo] =I i) 3s i) 
No. Locality. aS = | q ae 3a ae 8 8 F 
Q : as 8 as 8 3 
= 3 2 a : 
q ° PA a @ s « 
& 5 a go ¢ fe ay be 
Be Be & } A & ai 
° & is) a & > n 5 
P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| Pict. | P.ct.| Pet. 
4828 | 3 miles SW. Buckeye---..... 6.86 Tr. 0.72) 0.91 33.04 | 45.26 13 
4534 | Subsoil of 4828 ..._..-.- 2... (sy ¢ ae -88 2.02 | 4.22 3.18 | 54.08 25.72 
4525 | 7 miles S. Arlington.......- S88! eceucsa: Tr. 3.16 9,10 7.76 | 40.70 80, 24 
4524 | Subsoil of 4524_._. 2.222.222... CC Tr. 214) 3.10) 38.75 | 44.40] 38.41 


Sample 4828 was collected at the upper end of a field which had a 
steep slope, and therefore this represents the coarser particles of the 
sediment. Sample 4534 was collected on the same farm, but repre- 
sents the entire sediment of a flood. Samples 4525 and 4524 were 
collected from the bottom of the old Gila Bend Dam, and probably 
represent the sediment from a number of floods. A comparison of 
the mechanical analyses of these last three samples with the mechan- 
ical analyses of the adobe soil shows a great similarity. Moreover, 
from the appearance in the field, the color, general physical proper- 
ties, action toward water, and their position with reference to the 
streams, these soils are undoubtedly sediments from the river waters. 
And since they are always found directly below the remains of pre- 
historic canals there seems to be no question but that the soils repre- 
sent the sediment from prehistoric irrigation with muddy water. 
Samples of water have been collected from the canal 8 miles from the 
river which contained 6 per cent of sediment by volume. If 4 inches 
of such water were used every year, which would mean one good irri- 
gation with the muddy water, one hundred years would be required 
to deposit 24 inches of this sediment. The amount of sediment now 
being deposited by irrigation waters often exceeds the amounts stated. 
Under the Buckeye Canal, which receives its water supply from the 
Gila River below the junction with the Salt and Agua Fria rivers, on 
an alfalfa field irrigated throughout the year, an average depth of 12 
inches of sediment was found, the result of twelve years’ irrigation. 
The waters of the Gila River below the Salt and Agua Fria rivers 
contain on an average more mud than do the waters of Salt River, so 
that this same depth of sediment is not found under the Salt River 
eanals. It is possible that the ancient peoples, whose lands these 
adobes represent, raised but one crop each year and did not irrigate 
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the year through, in which case the yearly deposition of sediment 
would be smaller than the amount observed at Buckeye. 

The soil as found at present is heavy, sticky, dark in color, con- 
tains more organic matter than do the other soils of the valley, and is 
richer in plant food. The great obstacles in the way of the practical 
management of this soil are the difficulty of working it when wet and 
the quantities of alkali salts which it sometimes contains. Water 
leaches through the soil very slowly; hence the removal of the alkali 
salts by underdrainage is a slow process. The subsoil of sandy loam 
willin a great degree assist in this underdrainage. For grain crops 
and alfalfa this soil is excellent. It is not so well adapted to fruit 
growing. 


GLENDALE LOESS, 


This soil covers a large area directly northwest of Phoenix, running 
in a northeasterly and southwesterly direction from the point where 
Cave Creek leaves the foothills nearly to the junction of the Salt, 
Gila, and Agua Fria rivers. 

The great similarity of this soil to the typical loess deposits of the 
Mississippi Valley at once set it apart as differing in origin from the 
rest of the soils of the valley, and made the supposition likely that 
the material was similar to true loess in manner of origin. In the 
field a typical sample has the texture of a true loess, but is found to 
be interstratified with sands and gravels, though in no case is the 
material itself stratified, but presents the peculiar perpendicular 
bluffs characteristic of true loess. At first in the field work the soil 
was considered at least partly xolian; but a careful study of the 
conditions necessary for the wind deposition revealed no reason why 
an xolian soil should be deposited in this place and not in similar 
localities in the valley; moreover, samples of wind-blown material 
collected did not show the texture of the Glendale loess. The area 
extends in an irregular oblong from the point where Cave Creek 
issues from the foothills, directly down the maximum slope of the 
valley to the lowest point, the junction of the Gila and Agua Fria 
rivers. The stream bed of Cave Creek, which in its lower courses 
is éntirely a flood stream, disappears just north of the Arizona Canal, 
and through the entire area the loess is locally known as Cave Creek 
wash. There are no surface indications of the wash. Old settlers 
in the valley were questioned as to the course of the waters of Cave 
Creek, and they said that the creek at times of high water flows 
southwesterly nearly down the center of the loess area as mapped, 
dropping off the low bluff just above the St. Johns Canal and flowing 
into the Gila River a hundred yards above the mouth of the Agua 
Fria. An examination was made of the portion of the area above the 
Arizona Canal, and it was found to narrow down, bordering the creek 
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in the form of a fan, with the creek asan axis. Part of the creek bed 
was formed of the same material. 

The area of soil has the form of a low ridge, with the highest point 
about the center of the area, and with a uniform slope to the south- 
west. The minor undulations are slight, the soil being evenly graded 
and presenting surfaces capable of easy irrigation. 

The texture of the soil is shown in the following table: 


Mechanical analyses of Glendale loess, 


z |. le | {s [2 | @ |g 
e | 8 [2 |3 |£ /s i é 
g a igi/® | tg! € |e 
No Locali pep. |84| 8 |e] Be lca| oe = lot 
: AS} a | ¢8l%e)ts/ es] ® |8a 
3 aflo |as}/8 | as] 8 [so 
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iS) SB )o |S | |e a |S 
P. ct.) P. ct.) P. ct.| P. ct.| P. ct.| P. ct. | P. et. |P. ct. 
4440 | 7 BS N., 3 miles W., |  to24 inches | 3.78 1.12 } 2.26 | 7.50 | 19.28 | 51.98 | 13.66 
oenix. | 
4429 | mile E. Glendale -....... 0 to 36 inches_| 4.02 | Tr. 61 | 1.58" 7.55 | 31.79 | 87.96 | 15.54 
4430 | Subsoil of 4429...........-. 86to7Zinches | 4.47) Tr. | .66] 1.70 | 7.50 | 33.88 | 39.58 | 11.47 
4436 | 7 miles N. Phoenix --.....| 0 to12 inches_| 4.12 | 1.67 | 1.90 | 3.21 | 7.18 | 25.75 | 35.94 | 19.39 
4434 | 4 miles W. Alhambra.._..| 0 to 24inches_| 5.40 | .49 | .55 | 1.50 | 5.48 | 18.50 | 44.63 | 24.21 
4432 | 7 jmiles N., 3 miles W., |--..- do ....-.--| 3.09 | .68 | 1.04 | 1.70 | 5.68 | 20.04 | 42.11 | 24.83 
oenix. z 
4439 | Subsoil of 4482.............| 244t+048 inches | 3.56 | Tr. | 1.96 | 2.44 | 7.60 | 83.54 | 88.34 | 12.63 
4453 | 2 miles N. Phoenix -......| 0 to 12 inches.) 5.16 |...--- Tr. | .35 | 2.00 | 25.05 | 40.41 | 26.85 
4431 | 2i miles NW. Phoenix_.__| 0 to 24inches_| 8.18 | Tr. .85 | .88 | 1.22 | 9.04 | 42.84 | 37.67 


By this table it will be seen that the most important characteristic 
of Glendale loess is the presence of about 40 per cent of silt and 25 per 
cent of very fine sand. The clay varies greatly, and by its variation 
produces the light and heavy phases of the soil. Samples 4440, 4429, 
and 4436 represent the rather light phase of the soil, and at the same 
time that phase which works easier and produces the best results for 
the work spent in cultivation. Samples 4432, 4434, and 4453 represent 
a rather heavy phase of the soil. This phase of the loessis heavy for 
irrigation. The soil has a faculty of puddling; water does not enter 
readily, but flows over the surface and away in the waste waters. 
Extreme cases of this phase are designated ‘‘slickens” by the farmers. 
Sample 4431 is from the Arizona experiment station, 24 miles north- 
west of Phoenix, and represents the heaviest phase of the Cave Creek 
material. The soil is dense, takes water slowly, bakes very hard after 
irrigation, and cracks in drying. Roots have difficulty in making 
their way through it after it has remained for a few years without cul- 
tivation, so that alfalfa dies out. The soil gives best results in crops 
which can be frequently cultivated. 

The soil is generally uniform to a depth of 6 feet, though occasion- 
ally thin layers of more sandy material enter. Deeper, the loess 
becomes very sandy at times, and there are beds of gravel included. 
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As far as exposed through well borings the material is loess to a depth 
of 100 feet near the center of the formation around Glendale. Along 
the borders of the formation the material is thinner and is interstrati- 
fied with the adjacent colluvial formation. 

Professor Forbes, director of the Arizona experiment station, has 
published the chemical analyses of four typical soils from the loess 
area. The results of his analyses are embodied in the following table: 


Chemical analyses of Glendale loess, 


{By R. H. Forbes, Arizona experiment station Bul. No. 28.] 


_ Forbes No.3, | Forbes No.5, | Forbes No.7, | Forbes No.8, |, erage of 
oustituent. sec. 32,T.3N.,| sec.7,T.2N., | sec.5,T.1N., | sec.6,T.1N., four soils. 
R.2E. R.2E. B.2 EB. R.2E, x 
Per cent. Per cent. Per cent. Per cent. Per cent. 

52. 26 5£. 90 55.52 49,71 53. 60 

18.88 18.69 18. 46 21.07 | 19.77 

8.89 8.28 8.05 9.18 8.59 

6.45 6.15 6.22 6. 04 6.21 

2.21 2.72 2.70 2.42 2.51 

96 78 . 82 7 -88 

- 60 AT 34 45 46 

2.54 2.44 2.38 2.54 2.46 

05 05 04 04 04 

24 22 BL 221 22 

05 05 05 -08 06 

44 1.00 89 9 81 

09 - 04 OL 01 04 

04 04 06 12 06 

68 BT) 91 1.68 96 


These analyses show the soil to be in a highly decomposed condi- 
tion, as only 54 per cent of the soil is insoluble in hydrochloric acid. 
The soluble portion carries rather large quantities of lime, potash, 
and phosphoric acid. The nitrogen content is low, but, according to 
the analyses of the irrigation water by Professor Forbes, the amount 
of nitrogen supplied in the water makes up the amount required by 
crops. It is interesting to note that the composition of these four 
soils is practically the same. This indicates a great uniformity of the 
soil, as has been found in the field examination. 

The loess is generally free from alkali salts in large or harmful 
quantities. There are no areas of alkali salts in the main body of the 
loess. Small patches sometimes occur, but these are not often more 
than 10 feet across and are usually found along the lower edge of the 
field upon slightly raised portions which the water has not covered in 
fiooding. Along the south edge of the area of loess a great deal of 
alkali is found thoroughly mixed with the soil and extending to a 
great depth. This salt is no doubt due to the washing and leaching 
action of the occasional floods down Cave Creek. These torrential 
floods would tend to carry the salts toward the lower border of the 


802 FIELD OPERATIONS OF THE DIVISION OF SOILS, 1900. 


formation and then gradually carry them out into the country drain- 
age. Such is found to be the case. Along the south edge of the for- 
mation the water is nearer the surface, the soil is often submerged, 
and the alkali salts have accumulated from long periods of evapora- 
tion. 

The loess soil of the Salt River Valley is, all things considered, the 
most desirable for general farming. The soil is not so well adapted 
to fruit growing generally, but is well adapted to grain and the 
growing of grapes. The condition, particularly of the heavy phases, 
ean be improved largely by the incorporation of organic matter. Its 
general ease of tillage will thus be improved. 


CoLLUVIAL SoILs, OR MOUNTAIN WASTE, 


Under the head of colluvial soils are included all the normal prod- 
ucts of floods from the mountains immediately around the valley. It 
is true that in part the soils may be derived from the sediments 
brought into the valley from distant points by the streams, but the 
surface material of the valley is so largely derived from the waste of 
the sides of the mountains immediately surrounding the valleys, 
brought down by floods, that they may be considered colluvial soils. 
These coliuvial materials, which are so largely granite, have been 
divided into four soils, depending upon the degree of communition of 
the rock. The Maricopa gravelly loam, the first product, is predomi- 
nantly gravelly, with an average of 20 per cent of gravel coarser than 2 
millimeters. The Maricopa sandy loam, though composed of the same 
original material, carries only 10 per cent gravel, while the Maricopa 
loam carries very small quantities of gravel. The Maricopa heavy 
loam is the heaviest soil from the colluvial material and is confined to 
small areas near the center of the valley. 


MARICOPA GRAVELLY LOAM. 


The Maricopa gravelly loam is the first of the colluvial products 
from the mountain sides. The soil is a rather light sandy loam, car- 
rying from 10 to 25 per cent of gravel larger than 2 millimeters. The 
gravel and stones vary in size up to 10 centimeters (24 inches) and 
are largely granite debris. 

The soil lies along the lower mountain slopes and extends out upon 
the more level floor of the valiey at varying distances, depending 
upon the proximity of large washes or mouths of extensive canyons. 
As a rule, the gravelly material extends about 2 miles from the base 
of the mountains. Beyond this limit the soils gradually carry less 
gravel and assume the character of the Maricopa sandy loam. 
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The mechanical composition of the fine material is shown in the 
following table: 


Mechanical analyses of Maricopa gravelly loam. 


[Fine earth.] 


z | 2 je [2 f2]als 
e i og 38 9 9 3 4 4 
ge ee Pad ee ee 2 |¢ 
2° cE od & gq > 2 
Sei 2stse] geie¢|g2l¢2 
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| P.ct. | P.ct. | P.ct. | P.ct. | P.ct. | Pct. | P.ct. | P.ct. 
4433 | 7 miles N. Phoenix .-.....--. 1.84 7.45 6.71 8.05 | 14.41 | 43.96 | 12.55 4,52 
4445 | One-half mile E. Peoria . .... 1.70] 11.10] 10.84) 11.84] 14.76) 28.00) 16.27 5.59 
4499 | 4miles S.,1 mile W.Tempe_| 2.00 8.18 7.96 8.64 | 14.74] 31.40] 19.85 6.28 
| | 
| Average -...-.-.-24---- 1.85 8.91 8.50 9.51) 14.64 | 34.45 16.22. 5.46 


This type of soil is generally deep, more than 6 feet, though in the 
lower part of a 6-foot section it may contain more gravel than it does 
at the surface, and may contain layers. of a calcareous hardpan, 
locally known as ‘‘ealiche.” This hardpan never approaches the sur- 
face of the ground in the gravelly loam areas, except in the sides of 
euts and washes. 

The chemical character of this type of soil is well illustrated in the 
analyses which follow: 


Chemical analyses of Maricopa gravelly loam, 


[By R. H. Forbes, Arizona experiment station Bul. No. 28.] 


Forbes Forbes Forbes Forbes Forbes Forbes 
Constituent. INo. 11, sec.|No. 17, sec. No. 14, sec. No. 2, sec. |No. 15, sec./No. 18, sec. Average of 
28,T.1N., |33,T. LN. 80,7. 2N., |30, 7.3 N., | 6,7. LN., | 33,7.3N., '6analyses, 
R4E.| R&B") RAE) R2n7| R4E. | RAE. 
Per cent. | Per cent. | Per cent. | Per cent, | Percent. | Percent. | Per cent. 
Insoluble - TL. 98 74.29 75.02 | 73. 65 71. 66 67.47 72.35 
Soluble SiO, 10.31 9.80 9.58 9.82 9.52 12.51 10.29 
AlgOg- --.-- ------ 5.14) 5.06 4.76 | 4.84 4.21 5. 62 4,94 
4.21 | 3.98 4.67 | 5.07 4,02 4,52 4.41 
2.07 1.34 | 1.35 | 1.28 3.51 2.85 2.07 
.67 18 -59 36 . 68 69 . 66 
28 21 25 | 2t 26 46 28 
1.39 1,32 1.19 | 1.36 1.47 1.45 1.36 
-08 08 -O7 04 09 02 05 
-06 08 06 | 12 83 05 00 
02 | 05 08 | 03 -08 : 08 
85 | «52 al 21 2.05 1.40 -87 
-O1 -O1 UL O01 01 ib 03 
- 08 04 - 08 05 04 08 O4 
28 56 45 40 93 AL 61 
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These analyses show a relatively large amount of insoluble matter 
for an arid soil. This would indicate the incomplete decomposition 
of the materials from which the soil is derived. The lime and potash 
content is high, phosphoric acid content is good, but the content of 
nitrogen low. There is very little humus, which accounts for the low 
nitrogen content. ; 

The soil, occupying, as it does, the lower slopes of the mountains, 
is often well protected from frost, and is in excellent position for the 
cultivation of citrus fruits. Along the base of Camelback Mountain, 
northeast from Phoenix and extending westward close to the base of 
the Phoenix Mountains, is an area of this soil which is being rapidly 
planted with citrus fruits. Fruit trees in general do well on a light 
soil of this type and their cultivation ean be recommended. The 
incorporation of mud or silt from the irrigation waters and the addi- 
tion of organic matter through green manures will greatly improve 
the physical and chemical properties of this soil. Alkali does not 
occur in the Maricopa gravelly loam in sufficient quantity to damage 
crops. 

MARICOPA SANDY LOAM. 

The Maricopa sandy loam is the second of the colluvial soils from 
the granite mountains. Itis to be regarded as the gravelly loam, more 
finely powdered. The soils have small quantities of gravel, generally 
less than 10 per cent. They occupy the higher levels of the plain 
portions of the valleys, and in point of area are the most important 
soils of the valley. 

The mechanical analyses of this soil follows: 


Mechanical analyses of Maricopa sandy loam. 


[Fine earth.] 
t/_/8 |2 [2 [2 la fz 
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4506 | 54 miles SW. Buckeye..-_..-........--- 2.80 | 4.04] 5.70] 7.07 | 16.46 | 43.30] 18.16 | 6.57 
4489 | 3 miles S.6 miles W. Tempe__ 3.14 | 6.20) 6.08) 6.51 | 12.99 5 17.68 | 7.26 
4519 | 4 miles W. Buckeye .____..__. 6.78_| 10.45 
4494 | 4 miles 8. Mesa -..--.-_.2.--_- we] 2 6 12.95 | 12.50 
4483 | 2 miles S. 3 miles E. Tempe.._....-.... . i . . 5 . 20.47 | 18.80 
4491 | 7 miles S. Tempe ......- 2.2.22 eee ee . z ‘ . 5 82.78 | 15.99 
4490 | 2 miles S. 2 miles W. Tempe. . 17.09 | 17.85 
4470 | 1 mile N. Mesa......-- 22.22. eee eee eee H 2 |: B 23.65 | 18.68 


These mechanical analyses show the soil to carry on an average 
about 13 per cent of clay, or over twice as much as the gravelly loam, 


IRRIGATED LANDS IN TEMPE AREA. 


Alkali spots showing on left. 
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though the soils range in clay content from 6 per cent to nearly 20 per 
cent. This is to be expected, since these soils are all derived from 
one source, and are not laid down in distinct strata. 

The finer grinding of the material has resulted in the more complete 
decomposition of the granite. This makes soluble in hydrochlorie¢ 
acid more of the material, and a chemical analysis shows more plant 
food in the soluble portion. The soil can not be said, from the analy- 
ses above, to carry more plant food, but more of the insoluble plant 
foods are rendered soluble in acid by the more thorough decomposi- 
tion. The following analyses illustrate this fact. 


Chemical analyses of Maricopa sandy loam. 
[By R. H. Forbes, Arizona experiment station Bul. No. 28.] 


Forbes | Forbes | Forbes | Forbes | Forbes | Forbes | Forbes 

No. 4, No. 6, | No. 10, | No.1, No. 9, | No. 18, o. 12, | Average 
Constituent. sec. 82, sec.7, sec. 5. sec.30, | sec. 7, | sec. 30, | sec. 28, of 7 

T. + | TZN.) T2N., | T3N., | TZN, |] Te + | T.2N., janalyses. 

R2E. | R.2E. | R.3E. | R.2E. | R.BE. | R.4E. | R44 E. 
Per cent.) Per cent.| Per cent.) Per cent. Per cent.| Per cent.) Per cent.| Per cent. 
Insoluble -........-. 65.75 67.27 68. 87 63.53 65. 20 61.57 66. 08 65.47 
Soluble Sie. - 12.56 11.88 10.86 15.69 | 14.69 18.77 11.29 18. 25 
AlgOQs -__-. 5,61 5.43 5.70 1.74 7.10 6.79 5. 52 6.27 
FeoQ3 - 2-2 .2---+---- 5.82 5.85 5.17 4.92 | 4,66 4.50 4,05 4.92 
8.08 2.88 2.45 - 98 1.28 2.61 4,21 2.49 
53 Av - 68 1.08 - 86 1.05 78 78 
36 41 3) 33 80 3l P75 32 
1.99 2.03 1.67 1.%6 LZ 2.01 1.56 1.8% 
06 09 05 «08 10 +05 04 07 
15 14 aha - 05 ah 15 05 ll 
05 05 04 04 05 08 ~ 04 05 
1.30 1.28 1.16 00 | 1.38 2.57 1.13 
| oe ot a1 | ol 08 ol ol 
03 08 04 04 i 04 06 06 04 
30 1 61 71 |. 68 81 66 64 

| 


Here it is seen that the sandy loam contains only 65 per cent 
insoluble matter, while the Maricopa gravelly loam carried 72 per 
eent insoluble matter. This 7 per cent of matter, which has been ren- 
dered soluble in hydrochloric acid by the more complete decomposition 
of the granite, is uniformly distributed among the soluble constitu- 
ents. Thus,a comparison of the tables shows that the lime, potash, 
and phosphoric acid content of the soluble portion is greater; or, in 
other words, there are probably more of these constituents available 
for the use of plant roots. The nitrogen content is not increased, 
although there is a slight increase in the humus. The soil is really 
deficient in these two constituents, and the incorporation of more 
nitrogen-bearing organic matter will improve, both in tilth and in 
composition. The crops grown on this soil are varied. Fruit crops 
do well, and alfalfa does well wherever the ‘‘caliche” or hardpan is 
not dense enough to prevent the penetration of the roots, 
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By more complete weathering and by the washing of the finer prod- 
ucts of weathering from the Maricopa gravelly loam and sandy loam 
there hag accumulated in the lower parts of the valley a soil similar 
in origin to the gravelly and sandy loams, but much heavier. This 
soil, the third product of the colluvial washings, is called the Mari- 
copa loam. The areas occupied by it lie in the lower portions of the 
valley, immediately north of Phoenix and in the low area south of 
Tempe. The soils were naturally flooded in time of heavy rain and 
their texture has probably been changed by the large amounts of water 
thus soaking through them. 

The mechanical analyses show the soil to be much heavier than the 
sandy loam. 

Mechanical analyses of Maricopa loam. 


= 8s 18 |S 8 a |5 
“1'gig |}8 |g |e a |S 
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P.ct.| P.ct.|P.ct.| P. ct.| P. ct. | P. et. | P. ot. | P.ct. 


4486 | 8 miles S. Tempo, | 0 to 36 inchos..../ 4.69 | 1.28 | 3.85 | 9.34 | 18.17 | 21.97 | 18.46 | 21.79 


Ariz. 
4485 | Subsoil of 4486... .-.. 36 to 72 inches.-.| 2.483 | 3.09 | 3.64 | 20.34 | 18.84 | 19.97 | 26.30 | 14.99 
4478 | 8 miles E.,4 milesS., | 0 to 86 inches__..| 7.19 |-.---- Tr. | 1.93 | 6.10 | 19.07 | 38.48 | 26.74 
Tempe, Ariz. 
4481 | Subsoil of 4478____.__- 36 to 60 inches...) 5.68 | Tr. | 1.51 | 3.12 | 12.80 | 22.17 | 20.17 | 25.73 


4480 | 1 mile E.,6 miles S., | 0 to 86 inches_..-; 5.40 | 1.88 | 1.51 | 2.66) 7.04 | 25.62 | 21.98 | 33,41 
Tempe, Ariz. 
4488 | Subsoil of 4480-_-..__- 36 to 72 inches...) 4.38 | Tr. | 1.70} 1.92 | 12.40 | 80.24 | 24.18 | 24.86 


The soil in its normal phase carries from 20 to 25 per cent of clay, 
but in extreme cases runs up to nearly 30 per cent. 

No chemical analyses of this type of soil are available; but from 
the analyses which have been given and those which follow the aver- 
age composition can be inferred. The finer grinding and more com- 
plete weathering of the granitic material will render more of the 
resulting soil soluble in hydrochloric acid, and thus there will be 
apparently more plant food shown in an agricultural analysis. 

The crops grown on this soil are generally alfalfa and grains. The 
low position and compact nature of the Maricopa loam do not make it 
a good fruit soil, so that its area is largely given over to general 
farming. 

The low position and compact nature are both favorable for the 
accumulation of alkali salts; and in the field the soils are found to be 
frequently spotted with alkali, and in a large district south from 
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Tempe the soils are in many cases so alkaline as to be worthless for 
general farming. These areas, however, can be profitably reclaimed, 
as will be shown later. 


MARICOPA CLAY LOAM. 


The extreme type of the colluvial washings, which is confined to 
rather small areas, has been designated the Maricopa clay loam. 
This soil, which is simply heavier than the Maricopa loam, has other- 
wise the same properties. The clay content is almost 30 per cent on 
an average, though some samples show scarcely more clay than does 
the average loam, the apparent difference being in the arrangement 
of the clay grains, which gives the soil a heavier appearance in the 
field. 

The following chemical analysis by Professor Forbes is the only 
analysis of this soil available for publication. 


Analysis of Maricopa heavy loam. 


{By R. H. Forbes, Arizona experiment station Bul. No. 28.] 


Forbes, No. 19, Forbes No. 19, 
Constituent. sec. 34, 'T.1N., Constituent. sec. 84, T.1N., 
R.5E. R. 5B. 
Per cent. Per cent. 
Insoluble. sis... passe soecesenesicns 54. 90 0.05 
Sol. SiOg-...-. .-- 19.59 23 
9. 62 05 
5.23 88 
12% OL 
1.96 04 
45 +83 
2.10 


Even though but one analysis is available, which of course is not 
as decisive as the average of six or seven analyses, such as are quoted 
under the Maricopa gravelly loam and the Maricopa sandy loam, yet 
an examnination of this one analysis shows that the principles which 
were found to hold in those analyses are carried out in this one, that 
is, that the soil is more thoroughly weathered, and therefore more 
soluble in hydrochloric acid, and the analysis shows more plant food. 
The lime in this one analysis is lower than the lime of the other analy- 
ses, but this is very likely due to the fact that the lime may have been 
leached out. The soil is rich in potash and phosphoric acids, but, as 
in the other analyses, nitrogen and humus are low. 

Perhaps the greatest difficulty in the way of managing these soils 
is the dense structure, due to the large quantity of clay present. 
Water flows very slowly through them, and plant roots have some 
difficulty in peneirating it. Organic matter and thorough tillage will 
aid greatly in their improvement, 
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Underlying nearly all of the soils of the valley, more particularly 
the colluvial soils, is found a white, calcareous hardpan, locally known 
as “‘ealiche.” This hardpan is not in continuous layers, and from its 
disconnected character the roots of most plants are able to penetrate 
it. Moreover, since lime is the cementing material. water gradually 
softens it and permits the roots to penctrate. 

This hardpan has been formed by the washing down of the lime 
from the upper layers of the soil and the accumulation of this mate- 
rial at the maximum distance reached by the water. Thus, as the 
soils have been built up, different layers of hardpan have been formed, 
so that at present the hardpan material often is found through great 
depths. The gravel in the deeper portions of the valley is often 
cemented by this calcareous material. 


SOIL MAPS. 


The areas surveyed have been shown on three separate sheets 
accompanying this report. The soils of the three sheets have all been 
correlated and in the descriptions of the soils which have just been 
given the entire area surveyed in the Salt River Valley has been con- 
sidered together. For the better understanding of the maps they will 
now be considered separately. 


TEMPEH SHEET. 


The Tempe sheet occupies a position on the south side of the Salt 
River, as shown in fig. 28, and all of the irrigation water is taken 
from that river. The area extends as far east as the Highland Canal 
and includes in that direction all of the land irrigated. The southern 
limit of the map is the central line of Township No.1, south. Irriga- 
tion canals have been built much farther south than this. The Con- 
solidated Canal has been extended as far south as the reservation line, 
9 miles south of the limit of the map. In fact, the area between the 
Salt and Gila rivers is nearly all susceptible of irrigation. The 
map, however, includes about all of the area which has been irrigated, 
the present supply of water being inadequate for the irrigation of the 
complete area under ditch. 

The Salt River enters the area covered by the sheet at the northeast 
corner, traversing it in an irregular line and passing off the sheet 
about the middle of the west side. The eastern part of the sheet is 
on the lower slopes of the wash from the Superstition Mountains, 
the maximum slope following a line nearly parallel with the Salt River 
and about 4 miles south of that stream. At a point immediately 
south from Tempe the ground begins to rise toward the west to the 
Salt River Mountains, which oceupy the southwest corner of the 
sheet. North of this line of maximum slope the land also slopes 
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toward the Salt River and south of it slopes toward the Gila River. 
Thus, the area is seen to be a saddle with the lowest point about 4 
miles south from Tempe. The only other topographic feature of note 
is the bluff bordering the mesa land around Mesa. The trend of this 
bluff is shown by the area of gravelly land, the Salt River gravel. 
At a point directly west from Mesa the bluff breaks down, and beyond 
that point southward the change in elevation is scarcely noticeable. 
The bluff north of Mesa, about its maximum point, is 40 feet high. 
The soils of the mesa are uniformly a sandy loam, with the exception 
of two areas of clay loam immediately south of Mesa. Below the 
mesa, along the river, the sandy loam predominates, with the sandy 
soils along the river and patches of adobe showing in low spots of the 
sandy loam. In the low part of the saddle immediately south from 
Tempe the loam is the chief soil, flanked by sandy loam, excepting 
along the northern border, where an adobe has been interposed over 
the loam in part. West of Tempe is another area of adobe overlying 
sandy loams. 


PHOENIX SHEET. 


The Phoenix sheet covers the land north of the Salt River, east of 
the Agua Fria and New rivers and south of the Arizona Canal, the 
eastern boundary being drawn at the Crosscut Canal. The entire 
area is one unbroken, evenly sloping plane, with a nearly uniform 
slope toward the southwest. <A slight ridge or divide follows the 
trend of Cave Creek. This divide is occupied by the Cave Creek 
loess soil, which is bounded on the north by sandy loam, grading into 
gravelly loam near Agua Fria and New rivers. To the eastward of 
the loess the gravelly loam, immediately under the Arizona Canal, 
grades into sandy loam and the loam around Phoenix, and in these 
soils are spots of clay loam. Immediately in Phoenix and extending 
in a long finger southwest from the town is a large area of adobe goil. 
The land adjacent to the Salt River is all sandy, and below the junc- 
tion with the Gila the Gila fine sandy loam occupies an area below 
the St. Johns Canal. 


BUCKEYE SHEET. 


The Buckeye sheet covers the area below the Buckeye Canal, 
extending from the mouth of the Agua Fria along the Gila to the 
Hassayampa River. The area immediately along the river is all Gila 
fine sandy loam, except'a small area of sand soil along the Hassa- 
yampa. Back of the fine sandy loam is the Maricopa sandy loam 
with a few small intrusions of gravelly loam from the slopes of the 
Whitetank Mountains. The area is narrow; the slope from the canal 
to the river is great. Along the boundary between the fine sandy 
loam and the sandy loam a shallow draw extends from the canal to 
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Gila River, just south of Buckeye. This draw probably represents 
an old bed of the Agua Fria River. 


IRRIGATION WATERS. 


The irrigation water which is used upon the area covered by the 
three sheets is all taken from the Salt and Gila rivers. With the excep- 
tion of the Buckeye Canal, which waters the land shown on the Buck- 
eye sheet and which is taken from the Gila River below the junction 
with the Salt River, all of the water is taken from the Salt River. 
The largest and most important canals are taken out of the Salt River 
between McDowells Butte and a point on the river north of Mesa. 
The Arizona Canal takes water from the north side of the river and 
conveys it to a point about 7 miles northeast of Phoenix and there 
drops part of the water by way of the Crosseut Canal to the Grand, 
Maricopa, and Salt River Valley canals, all three of which originally 
diverted water directly from the river just below Tempe. On the 
south side of the river the Consolidated Canal diverts water from the 
river which is distributed to several smaller canals just northeast of 
Mesa. The Highland Canal, which heads in the river above the 
Consolidated Canal, receives water only at times of flood, and for 
that reason is practically unused. Below the Consolidated, the Utah 
and Tempe canals take water directly from the river. 

The water of the river, which sinks into its porous bed below 
McDowells Buite, is forced to the surface by the bed rock north of 
Tempe Butte, so that at Tempe there is always water in the river. 
At Tempe the second series of canals is taken out. This water is 
taken out on both sides of the river. On the south side of Salt River 
two small ditches, the Broadway and the Mavmonier, take water 
from the river. On the north side the Salt River Canal drains the 
river in times of low water and this water is mixed with that received 
from the Crosscut Canal. 

Below the mouth of the Agua Fria the Buckeye Canal takes water 
from the Gila River. These two canals have a permanent supply of 
seepage water, for the flow of the Salt and Gila rivers at these points 
is largely seepage and has never been known to fail. The character 
of the water in these canals varies greatly with the season of the year, 
ag flood waters vary greatly in composition, depending upon the por- 
tion of the watershed from which the flood comes, and they in turn 
also differ from the normal flow of the river. 

The Arizona experiment station, under the direction of Prof. 
Robert H. Forbes, has studied the condition of the waters. Professor 
Forbes has placed his data at the disposal of the Division of Soils. 
The table which follows is compiled by him from the station records: 
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Composition of the waters of Sait River. 


Salt River irrigation waters, representing the orig- | 2 4 g 
inal supply, taken at the Consolidated Canal offico, | 2 g 
Mesa, Ariz. QO< es 
aa Pe | 
7 bel He : oe os | mS 
83 ge a Bd = ag. re 6 BOS 
gee |32 | 28, | 88 | B8e | 3a fae Cees 
DAS ao Se | BO ors | ons | Pot | Seat 
Rear | &e eae | 8a wa | Ba | goa | Sola 
tus | oo Sy | od Ess | gas S| B tp 
SE) SS | Fos] 2x eos | SS se | a8 ELE 
Oo Ck [aes (SB | Ba8 | eee | Be. | B88 
Constituent. neh eee “gO | 2 00 <ca ae gee 
23% | $28 | S8¢ | se | uBs | eB | FES | 9, 8S 
Bou) Hae 225 | 3 geo] ees | LBS] Ob 
Fag Bus | Boe ee | Sos | Sh6 god a Bee 
Bos god |B Be Ba BRO} Bae | gpg gage 
ana | S8e8! fog SSS \nsalnoe| sug Saba 
Be aan | soe | Ssh | £99 | Bog | woe g 
Bae | pes | Beg [See | Bag | Bee | BRS | oc 
ao By | SMO | bert | Eee | pat | Soe | Bao 
ae dos Bon | 20,3 eed on oo os g 
pPa | geo) ee8 | aod | peel poe) he | she 
ae BOM | oF | SHO | 6FA| oF eR S58| Skea 
a D 4 B 4 A > [a 
= i 
Per cent of silt: 
By volume 0.78) 2.85] 086) 259} 0.15] O12] O11! 0.056 
By weight. 32 -% - 096 Arar! 025 « 024 - 026 004 
Partial analysi: | 
in_100,000): | 
Total soluble solids (110° C,)..) 72.40 | 110.00 ) 114.20 | 95.20 | 102.64 | 106.90 | 139.15 197.28 
Chlorine as NaCl ..-....-..--- 46.2 |) 52.1 72.9 | 61.9 | 67.6 | 72.2 | 98.1 130.2 
Alkalinity as NagCO3, He- 
burr’s process.._.--...------|---- +--+ 1280) | occeeeclseus eed Lect weds [tual eweele wees eeeeeses 
Permanent hardness as 
CaSO,, Hehners's process -.!(?)1.38 |---.---.] 2.79 2.45 2.12 5.43} 18.70 83. 27 
Nitrogen (parts per 1,000,000): | } 
otal nitrogen in silt and { 
water... 22-2. 0 see eee -e.| 6.9L] 26.7 4.36 | 12.19 1.96 | 1.48] 1.30 1.10 
Nitrogen in nitrates... 1.82] 1.2 190) 152] L2a 67 78 
Nitrogen in nitrites. Traces 
nearly always. 
Analytical figures caleulated to = ~ p ~~ 
probable compounds (parts in 
Silica, S102 -2.--2-seeepesee eee 
Alumina and iron oxide-- 
Sodium silicate, Na2SiOg - 


Sodium chloride, NaCl -.. 
Sodium sulphate, Na,SO. 

Sodium carbonate, NasCOs, 
Potassium chloride, KC! . 

Potassium sulphate, K.80.. 
Magnesium citoride, Mi 1; 
Magnesium sulphate, MgSO,. 
Magnesium carbonate, 200; 
Calcium chloride, CaCl, -- 
Calcium sulphate, CaSO,. 
Calcium carbonate, CaCQs -.. 


3.18) 
aval 


Total net compounds. -..._. 104.19 
Less CO, by calculations -.. 8.59 
Netzistesdticesstedceseeeess 95.60 | 101.00 | 127.85.) 172.78 


This table shows the chemical character of the water of the Salt 
River for a year and of the Buckeye Canal for over a month during 
the summer, at which time the water is perhaps the most concen- 
trated. If all of these salts remained in the upper foot of the soil 
upon the evaporation of the water, the soils under the upper Salt 
River canals would be too alkaline for alfalfa ina few years; the 
Buckeye soils would be in the same condition, but in a shorter time. 

It is not probable that this salt all remains in the top foot, nor is it 
likely that all of it remains in the soil at all. There is often suffi- 
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cient percolation to remove quantities of the salt, and it is fortunate 
that in the Buckeye country where the water is the most plentiful 
the ground is porous and the supply of water so generous as to admit 
of oceasional heavy flooding. 

Soils have been irrigated with the Buckeye water for eleven years, 
and there has been no accumulation of alkali salts where the drainage 
has been good. The fact that the flood waters are purer offers a 
ready means of leaching the salts which may accumulate. The 
simple use of the irrigation waters in the Salt River Valley can not 
be regarded as dangerous. The amounts of alkali salts held in the 
water are not sufficient to collect in harmful quantities, but if this 
water be allowed to subirrigate the land the accumulation of the 
alkali salts is rapid. Certain areas of land in the valley have been 
subject to subirrigation and upon them the accumulation of alkali is 
often great enough to prevent useful growth. Such areas are found 
in the country south of Tempe and along the Salt and Gila rivers 
below Phoenix, but wherever the drainage is good the land has never 
yeen damaged by the use of the water. 

The sediment which is carried by the water in flood time is very 
important on account of its fertilizing value and also on account of 
the effect this sediment has in changing the physical properties of 
the soil to which it is applied. The amount of this sediment which 
is present in the water was mentioned in the discussion of the Salt 
River adobe. Forbes! has published an analysis of an adobe soil, 
but as this soil has been subject to subirrigation for a long time and 
has become badly charged with alkali salts the analysis can not be 
considered typical. The analyses of two samples of sediment, made 
by F. P. Veitch in the Division of Soils, gave the following results: 


| Cad. P2035. KO. 


8.34 Trace. 86 
3.71 Trace. 63 
| A 


So far as these analyses were carried, the sediment is seen to be 
fairly rich, except in phosphates. The nitrogen added in the sedi- 
ment is perhaps more important than the other plant foods. In the 
water analyses by Forbes, quoted above, the nitrogen in the silt is 
shown. 

UNDERGROUND WATERS. 


Water is found everywhere in the gravels beneath the valley, the 
depth and amount of matter in solution varying greatly. The level 
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SOIL SURVEY IN SALT RIVER VALLEY, ARIZONA. 313 


of standing water and its character have no doubt been much changed 
during the years in which irrigation has been practiced. Little is 
known of the condition existing before irrigation, except that the 
water was deeper than now. The sketch map on page 289 shows the 
river systems of the valley. All the streams are dry most of the year, 
except in places where the bed rock is near the surface of the ground. 
For example, the Salt River at McDowells Butte and for 5 or 6 miles 
below always contains water, but immediately northwest from Mesa 
the stream bed is dry during part of the year. At Tempe the water 
again rises, and for a mile the river is above ground. South of Phoe- 
nix the stream bed is generally dry, but about 8 miles southwest of 
Phoenix the water again rises, and from that point the Salt and Gila 
rivers are above ground for 50 miles or more. The constant flow of 
the streams when above ground clearly shows that there is a constant 
flow under the ground through the gravels and sands. Moreover, 
the increase in underflow indicates that a portion of the water which 
is applied by irrigation returns to the streams from which it is taken. 
The irrigation of the great plain around Phoenix will undoubtedly 
increase the flow of the Salt and Gila rivers near the initial amount. 
Such an inerease has already taken place, but exactly how much can 
not be said. Continued irrigation should increase the flow even more, 
and when all the land below the Arizona Canal is irrigated the flow 
will be greater than it is now. The subflow is perhaps the most per- 
manent source of irrigation water in the valley. The gravels and 
sands of the valley act as a storage reservoir, and the resistance to 
the flow of water through this material acts as a regulator upon the 
flow. No records of the Gila River at the head of the Buckeye Canal 
have been kept, but it is doubtful if the amount of true seepage water 
varies 10 per cent during the year. A similar state of affairs is found 
in the Los Angeles River in southern California. Here records of the 
flow have been kept, and though the last five years have been unusu- 
ally dry for southern California, the flow of the Los Angeles River 
has been almost constant. 

One great objection to. the use of seepage water is the amount of 
alkali salts often contained init. In the ease of the Buckeye Canal it 
has been seen that the water is contaminated with a rather large 
quantity of salts, but the drainage of the soils is naturally so good as 
to prevent the accumulation of these salts. The depth to standing 
water and the character of the underground water is a matter of such 
importance in discussing the soils of the valley, particularly in regard 
to the accumulation and character of the alkali salts, that a study of 
the well waters was undertaken. It is to be regretted that a greater 
amount of time was not available for the extension of the study of 
the underground waters over.a greater area, for the movements 
of the waters directly under the areas surveyed is but a small part of 
the general movement. 
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TEMPE SHEET. 


The sketch map (fig. 29) shows the depth to standing water in a 
general way. Over the area immediately south of Tempe and stretch- 
ing indefinitely southward over the lower part of the saddle toward 
Gila River is an area of land in which the water stands less than 10 
feet from the surface of the ground. The fluctuations of the level of 
the ground water are great. Oversome of the land during wet seasons, 
when the rivers are high and irrigation water plentiful upon the mesa 
south of Mesa, the level of standing water comes very close to the sur- 
face, often less than 1 foot. At the time the survey was made the 
level was not closer than 6 feet at any place. 
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Fia. 29.—Depth to standing water, Tempe sheet—less than 10 feet, from 10 to 20 feet, and from 
20 to 50 feet. 


Professor Forbes! has published the analyses of a number of well 
waters, ana the field party on this survey also examined a number of 
well waters. On an average the wells carry 200 parts solid matter in 
100,000 parts of water. The analyses show about one-half of the salts 
to be sodium chloride. Sulphates are not a prominent feature of the 
salts. Sodium carbonate is found in most of the wells in the southern 
portion of the area. Small amounts of nitrates are general in all of 
the waters. When waters of this character approach the surface of 
the ground close enough to permit of a rapid upward capillary move- 
ment, the accumulation of alkali at the surface is rapid. Over the 


1Arizona experiment station Bul. No. 30, 
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area where water is near the surface alkali salts are common, and over 
part of the area the accumulation has become sufficient to prevent 
useful growth. 

Outside of this area of water within 10 feet of the surface are zones 
in which the water is lower down. The sketch map shows a zone in 
which water is 20 feet or less from the surface. This zone covers 
nearly all of the cultivated land which is not on the mesa. On the 
average these deeper waters do not vary much in composition or total 
solids from the more shallow waters. This is especially true of the 
wells within the irrigated areas not upon the mesa. The wells on the 
mesa are, as a rule, not so alkaline as the wells below the mesa. 


PHOENIX SHEET. 


The portion of the valley which is covered by the Phoenix sheet is 
a uniformly sloping plain, with a southwesterly dip, the lowest point 
being at the junction of the Salt, Gila, and Agua Fria rivers. Under- 
lying this plain water is found everywhere at shallow depths near the 
lower edge of the plain, increasing in depth as the slope ascends in a 
northeasterly direction. North of Phoenix, around the foot of the 
Phoenix Mountains and the mouth of Cave Creek, the wells are more 
than 100 feet deep. The character of the water in these wells is usu- 
ally good, generally less than 150 parts solid matter in 100,000 parts 
of water. Between this zone of deep water and the north boundary 
of Township 1, north, the wells vary from 20 to 100 feetin depth. The 
character of these waters varies greatly.. There are different strata of 
gravel carrying waters of different composition, so that the depth of 
the well makes a difference in the salt content of the water. Gen- 
erally speaking, the salt content is about 200 parts solid. matter in 
100,000 parts of water, though wells have been examined containing 
350 parts solids. These salts are about one-half sodium chloride, 
with calcium and magnesium carbonates, and in some wells sodium 
carbonate. Sulphates are present in small quantities, and nitrates 
are present, but seldom amounting to more than 1 part in 100,000 
parts. : 

The depth to standing water in the wells in township 1 north is 
shown in the sketch map (fig. 30). Three zones of depth to stand- 
ing water are represented on this map by rulings. All of the area 
adjacent to the Salt River has water under it at a depth of 20 feet or 
less. The character of this water is not different from the water of 
the zones before described. In the lowest part of the plain, near the 
junction of the Agua Fria, water is less than 10 feet from the surface 
of the ground. 

Over the area underlaid by these two zones of shallow water alkali 
salts are commonly found. The reason for the accumulation in these 
places is the same as that given for the accumulation on the Tempe 
sheet, that is, the presence of the water so near the surface of the 
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ground as to permit rather rapid upward movements by capillary 
action. On the Phoenix sheet, however, the area in which alkali 
salts are in great quantity is relatively small, almost entirely confined 
to the area along the river southwest from Phoenix. Little has been 
done toward the reclamation of this land; some of it has been cleared 
of the saltbush. The area of maximum accumulation is under the 
St. Johns Canal, where the water is very near the surface. This 
water is the seepage from the great Glendale loess area, and the salts 
which have accumulated are from the washings of the salts of that 
area. 

All of the wells close to the Agua Fria River contain water of very 
good quality. The underflow of the Agua Fria is known to be of 
good quality. The following analyses were furnished by Professor 
Forbes. 


Richardson’s Ditch water, sec. 15, T.1.N., R.1 W. 


[In parts per 100,000.) 


| 
Constituent. Feb. 24,1990.) Apr. 23,1900. Constituent. Feb. 24, 1900. lage: 23, 1900. 
| 
j | 
NBC? cone dicyceenedus 6.00 Ta BOg 2222 cons coeewees. 2.40 | Strong. 
Na,CO; (Hehners)-- Li 1.27 | N (nitrates) -...-_. 16 0.148 
004 Trace. 


Hardness (Hehners) 0.00 0.00 | N (nitrites)_._..-.. 
ere. 7.00 Strong. 
2.52 | Pronounced. | 


Total solids.. 30.0 33.4 


This is the best water to be found in the Salt River Valley, so far 
as known. The wells close to the stream bed of the Agua Fria con- 
tain better water than the wells a few miles back, indicating that the 
water of the underflow spreads out and mixes with the waters of the 
adjacent soils. The amount of underflow is not thought to be large, 
for examinations of Gila River above and below the Agua Fria show 
no dilution due to inflow from this stream. Water. developed along 
this stream is perhaps the best water in the valley for brewing pur- 
poses, beet-sugar manufactories, or other manufactories requ iring a 
good supply of water. 

BUCKEYE SHEET, 


The depth to underground water on the Buckeye sheet is shown on 
the sketch map (fig. 31). Three zones of depth are there mapped. 
The shallowest zone, that in which water is 10 feet or less in depth, 
follows the draw which runs nearly parallel to Gila River. This 
draw is probably an old channel of the Agua Fria, and at present 
water from the Agua Fria underflow undoubtedly follows along under 
it. A line of wells of relatively good water is found along this line, 
and at the mouth of the draw just south of Buckeye aseries of springs 
issue from a conglomerate or gravel bed. This water is much purer 
than either the canal water or the well waters outside of the draw, 
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and therefore could not have originated in one of these sources. As 
far as can be judged, the underflow from this draw is small. There 
is a dry channel running up to one of the largest canyons on the 
southeastern side of the Whitetank Mountains, and no doubt the 
underflow in part is due to fioods from the canyon. 

South of this draw, upon the upland along the south extension of 
the Buckeye Canal, the wells are deeper (20 feet or more) and the 
waters carry about 300 parts solid matter per 100,000 parts. This 
upland is a bar of Gila fine sandy loam, which separates the Gila 
River from the Buckeye draw. The capillary powers of this soil 
are very great, and the water which underlies the soil has risen to 
the surface and evaporated. Therefore the accumulation of alkali 
is general over much of the fine sandy loam. 

North of the draw, west of the town of Buckeye, the waste from 
the Whitetank Mountains has washed down to the Gila River bank, 
and the wells underlying the slope are from 20 to 50 feet in depth. 
The water in these wells contains about 200 parts solids per 100,000 
parts water. Along the Hassayampa bottoms the wells are 30 feet 
on the average. The underflow from the Hassayampa is supposed 
to be very small. 


ALKALI OF THE SOILS. 


The presence of alkali salts within the soils is a natural consequence 
of their formation in an arid region, and the phenomena here are not 
very different from those in other districts which have been described 
in these reports. 

The rocks immediately around the valley are granite; yet the upper 
parts of the drainage basin are in sedimentary and volcanic rocks, 
and the characteristics of the alkali from the decomposition of the 
granite are in a measure modified by the products of decomposition 
of the other rocks. Since there are distinct features in each sheet, 
each area will be considered in detail. 


TEMPE SHEET. 


The chemical character of the alkali of the Tempe area is shown 
by the following analyses, made under the direction of Dr. Cameron, 
of the Division of Soils. The analyses are presented in ions, and for 
the convenience of those unaccustomed to this mode of presentation 
the ions are combined into salts in the usual conventional method. 
Acknowledgment must be made that nothing is known about the 
actual state of composition of these salts when in solution, since 
changes and interchanges between the various positive and negative 
ions are always going on and the proportions of the various salts 
may vary as the concentration of the solutions changes. Thus, while 
in the first sample all of the sulphates are calculated as calcium 
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sulphate, it is known that there will be in the solution combinations 
of sulphuric acid with all of the bases present. 


Chemical analyses of alkali salts of Tempe sheet. 


4470. 4469. 4541, 4468. 4472. 4465. 4466 
See. 9, T. |Sec. 27, T./Sec. 22, T. | Sec. 3, T. | Sec. 3, T. |Sec. 22, T. 2 miles S 
3 LN.,R. 5 . y 


Constituent. iN, R.SILN,R4/1N,R. 1 1S,R. |18,.R.4/ 18,8 
B12 |B G2) 8h | ch” | Bote | a 
inches). | inches). | (erust). | (crust). | inches).| (crust). : 
0.81 6.37 0.47 0.65 6.73 4,88 


Per cent soluble salts. -- 


Thus, it is better to consider the ions rather than the salts formed 
from them, as these later may and probably do change with the con- 
centration and temperature of the liquid as well as with any change 
in the relative proportion of the ions. The relation between the ear- 
bonate and bicarbonate is particularly subject to change, and the 
analyses as given are not to be taken as the relation which would be 
found in the field. The drying of the sample, change of temperature, 
or even exposure to the air will greatly change the relations of these 
two salts, and the analyses simply indicate the amounts found in the 
sample when received in the laboratory. 

Chlorine and sodium ions are the most prominent ions present and 
their composition as sodium chloride gives 60 per cent of this salt on 
an average. Intermixed with this chloride we find variable quanti- 
ties of sulphates. Since all of the samples contain lime, this sulphate 
upon drying will react with the lime upon any soluble carbonates 
present and prevent the formation of sodium carbonate or black 
alkali. Thus, in mostof the samples no sodium carbonate was found. 
In three samples small quantities of sodium carbonate were found in 
the crust, yet when this amount is figured on percentage of the soil, 
there is seldom more than 0.02 per cent, or an amount which is negli- 
gible. The Salt River water carries sulphates and lime in solution; 
hence there is little danger that black alkali salts in harmful amounts 
will result in soils irrigated by such water. Jn this connection it is 
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Onee very fertile. 
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interesting to note that south of the area surveyed, extending along 
the base of the Salt River Mountains to Gila River, is an area of 
alkali land which has never been watered by the river and which 
carries small quantities of black alkali. 

The reactions between the various salts in the water and their action 
upon the solid particles within the soil have been considered by 
Cameron.' He has further shown ? that in the reactions between the 
various solutes that all possible combinations of the ions form and 
accumulate in the soil or crust under certain conditions. The essen- 
tial reacting salts in the Salt River Valley are sodium chloride and 
calcium carbonate. From their mutual reaction. sodium carbonate 
and calcium chloride result and are always present in the soil. The 
river waters carry small quantities of sulphates which react with any 
sodium carbonate which may be present and prevent the accumulation 
of the black alkali. On the other hand, the small quantities of ecal- 
cium chloride which form move very readily in a soil, and oftentimes 
accumulate in great quantities. The caleitum chloride is in the erust 
as a deliquescent salt, and not in large or well-defined crystals, as are 
some of the other salts. Therefore, the water which falls upon the 
crust dissolves, first of all, calcium chloride, and carries it down into 
the soil. And, moreover, calcium chloride moves more rapidly within 
a soil than do the other chlorides. For these reasons calcium chloride 
is carried down into the subsoil, and when this subsoil water again 
comes to the surface at another place lower down, the calcium chloride 
is deposited. 

Origin of alkals salis of Tempe sheet.—The alkali map which is given 
in fig. 32 shows all of the areas of alkali lands in the Tempe area. 
Three subdivisions are made: Lands in which the alkali salts are less 
than 0.25 per cent, and in which for the present it may be neglected; 
lands with from 0.25 to 0.50 per cent of alkali, which are more or less 
dangerous for crops; and lands with more than 0.50 per cent of alkali, 
upon which most crops will not grow. All of the areas of alkali land 
are seen to lie in the lowest part of the saddle between Salt River 
Mountains and Superstition Mountains, with the exception of a few 
small areas on the mesa. The alkali lands lie on both sides of the 
divide between the Salt and Gila rivers. 

It has been shown that the cause of the alkali in this lowland has 
been the rise of the underground water through irrigation on the 
uplands, and also that when the water on the upland is scant and there 
is little irrigation the level of water in the wells south of Tempe lowers 
from 6 to 10 feet. At such times of low water the alkali of the soils 
slowly disappears through irrigation and fields are reclaimed slowly. 


1Report No. 64, Dept. Agr., p. 141. 
*Cameron, Bulletin No, 17, Dept. Agr., Division of Soils, 
® Means, Yearbork, Dept. Agr., 1898, p. 498. 
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Upon the rise of the subsoil waters, however, the alkali returns to the 
surface through evaporation. During the time the area was being 
studied the water was low and fields were in cultivation which two 
years ago would not permit seed to germinate. The farmers were of 
the opinion that conditions were becoming better all the time. The 
land south of Tempe shows plainly the value of intelligent and dili- 
gent farming. Side by side areseen farms, some of them in good con- 
dition and paying interest upon the work and money invested, and 
others are barren alkali wastes, blots upon the land and a menace to 
progress. Persistent and intelligent treatment of the alkali lands has 
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Fig. 82.—Alkali lands, Tempe sheet, showing lands with less than .25 per cent; lands from .25 to 
-50 per cent; and lands over .50 per cent to depth of 5 feet. 


always resulted in victory fer the farmer, while careless cultivation 
even of good land has been known to result in an alkali flat. The 
district south of Tempe was once called the ‘“‘garden spot” of the 
Salt River Valley, and a great portion of the country is yet worthy of 
that designation. 

The damage which has resulted from the alkali and seepage water 
was notinevitable. All or nearly all of it could have been prevented. 
The present condition of. affairs comes from the tendency to look no 
deeper than the bottom of a furrow. Had the fact been known that 
everywhere underneath the surface of the ground was water charged. 
with alkali, and this fact should have been known, sinee the well 
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waters earry sufficient alkali to taste, the rise of this water in the 
wells should have given warning that drainage was needed and that 
some assistance should be given to the natural drainage and that the 
level of standing water should be kept below the zone of roots and 
rapid capillary action. Such a note of warning was given and has 
been repeated with every rise in the wells. No heed has been paid to 
the matter, and with each rise in the water table the burden of alkali 
salts is increased. 

Ifthe water table were kept down for a period of years, or kept down 
indefinitely, rainfall would tend to bring matters to their virgin con- 
dition, and the alkali salts would be washed down below the zone of 
root action. This would be a very slow process, but the application 
of irrigation water, cultivation, and ordinary farming processes would 
greatly accelerate this removal of salts. Thus, it is believed possible 
to reclaim the entire area of alkali lands south of Tempe. The ques- 
tion then eomes: How can the level of standing water be kept down? 
The natural underdrainage served to keep the water down as long 
as there was but the rainfall to carry away. 

Reclamation of alkali lands.—So soon as the extra amount of water 
applied to the surface by irrigation begins to fill the soil, the stand- 
ing water commences to rise. The only permanent remedy is to 
increase the drainage facilities through artificial drainage. In the 
absence of accurate surveys of the country, the best location of these 
drains can not be given. Two outlets are possible, and both must 
be used. One main ditch emptying into the Salt River and one 
emptying into the Gila River will be necessary. The ditch empty- 
ing into the Gila need not be dug all the way to the river, but the water 
can be carried on the surface of the ground part of the way. By 
opening in this way two outlets for the underground water to escape, 
it is deemed possible that any rise in the subsoil water as the result 
of irrigation can be prevented. The entire area of alkali land is 
underlaid by gravel, and the tapping of this gravel bed wiil drain the 
soil. It is not thought likely that tile drains under each field will be 
found necessary, but deep drains at intervals of every one-fourth or 
one-half mile should so keep down the soil water and so readily remove 
the seepage water from excessive irrigation that there can be no rise 
in subsoil water. With the subsoil water at a depth of 5 or 6 feet 
and an easy movement of water through the land, the reclamation of 
these alkali lands becomes a matter easily assured with intelligent 
management. Nor is it deemed necessary to invest large sums in the 
reclamation of the lands without any immediate returns. Very 
much of the land, even in its present condition, will grow some crop— 
sorghum, sugar beets, or Australian salt bushes—and these crops can 
be grown for two or three years without financial loss. Then, as the 
salts slowly leach away, barley and wheat can be introduced, and 
finally a good stand of alfalfa secured. 

One method of management which is fruitful of results in the Salt 
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River Valley is the deep plowing of alkali lands. Often the bulk of 
alkali salts is immediately upon the surface of the ground, while the 
soil at a depth of 8 inches or a foot is comparatively free from salts. 
If this land is plowed deeply this crust of alkali is turned under and 
the good soil raised to the surface. Moreover, the soil is broken up 
and the irrigation water is given greater opportunity to dissolve the 
alkali salts and carry them down. Thus, in the good soil on top of 
the ground the seeds germinate and the plants are well established 
before the alkali has again reached thesurface. Since a well-established 
plant is much less sensitive than a young seedling, in this way lands 
can be successfully planted in grain which would otherwise grow 
nothing. And again, since the alkali salts are brought to the surface 
entirely in the water which rises from the subsoil by capillary move- 
ment, and are left on the surface by the evaporation of this water, any 
way of lessening the amount of capillary water brought to the surface, 
or of lessening or preventing its evaporation, will tend to retard or 
prevent the accumulation of alkali at the surface. 

Cultivation serves both purposes, that of breaking up the uniform 
capillary spaces and preventing the rise of the water, and in covering 
the ground with a layer of dry soil and preventing evaporation. The 
effect of frequent cultivation can not be given too much importance 
in the reclamation of alkali soils. Cases have been noted where cul- 
tivation has reduced the accumulation of alkali salts to one-third of 
the amount on uncultivated land. The effect of cultivation upon con- 
serving the moisture of the soil is too well known to need the presenta- 
tion of figures, and whenever water is prevented from evaporating 
there the accumulation of the alkali salts is prevented or retarded. 

The incorporation of organic matter, such as coarse stable manure, 
leaves, the plowing under of a crop of weeds or green manure, in a 
measure tends to break up the capillary pores into larger spaces, and 
thus retards the upward movement of subsoil water. But much 
greater retardation results if this organic matter is spread over the 
ground in a uniform layer or mulch. Cases can be cited where this 
method alone has prevented damage by alkali to an orchard, while 
orchards all around not so treated have been injured. 

If the soil be compact and slow to drain, or if the establishment of 
drains around the fields does not lower the water surface promptly to 

_at least 3 feet, tile drains or more frequent open drains are necessary. 
Too much importance ean not be attached to this point. Soils must 
pe well drained and aerated before the maximum efficiency can be 
realized, and until soils are freed from standing water to a depth of 
at least 3 feet, there is little need to do anything else, for drainage is 
of prime importance. 

For the reclamation of alkali lands in the Salt River Valley the 
following outlined method of treatment has been found efficient and 
profitable: 

1. Insure good and rapid drainage toa depth of 3 or 4 feet. 
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2. Plow deep—12 inches. 

3. Furrow land and plant sorghum in the bottoms of the furrows. 
Irrigate heavily and gradually cultivate down the ridges. 

4. After two years in sorghum—deeply plowed each year and culti- 
vated frequently—plant barley. Have the surface of the ground well 
leveled, and flood heavily before planting. 

5. Seed to any desired crop, for if the land is at all porous a stand 
of any ordinary crop can be secured except on the worst spots. 

6. Watch the ground closely, and if the alkali begins to return, or if 
the few spots remaining begin to enlarge rapidly, plow up and again 
put in some crop which can be cultivated. 

There are many plants which can serve as well as sorghum; for 
example, sugar beets, asparagus, and onions stand large quantities of 
alkali. Among the fruits, the date palm, pomegranate, pear, and fig 
are arranged in order of the amount of alkali withstood. All can be 
said to be more resistant than peaches, apples, or citrus fruits. Date 
palms withstand large amounts of salts. In fact, there is little if any 
land in the Salt River Valley too alkaline for mature date palms. 


PHOENIX SHEET, 


Alkali salts of the Phoenix sheet are largely confined to a narrow 
area bordering tho Salt and Gila rivers. The distribution of these 
alkaline lands is shown on the map (fig. 33). The chemical composi- 
tion of a number of samples of the alkali is given as follows: 


Chemical analyses of alkali saits of Phoenix sheet. 


4421, 4419. 4416. 4423. 4417. 4452. 4418, 4413, 4447. 
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Chemical analyses of alkali salts of Phoenix sheet—Continued. 


: ; if 4450. 4424, 4456, 4453. 4449. 4415. 
Constit- Sec. 15.'T.|Sec. 15,7. Sec. 15,T. |See. 15,'T.|See. 15,T./Sec. 15,T.|\Sec. 25,T. (Sec. 21, T. Sec. 11,T. 
‘uent »R. 7k. ,B.1/1N.,R.U1N.,R.1/IN.,R.1/2N.,R.1/1N,,R.2)1N.,R.3 
' |B. (0-12 | E, 12-24; B. (24-86) B. (36-48 | E. (48-60| EB. (60-72! EB. (0-12 | BE. (0-12 | BE. (0-1 
inches). | inches). | inches). | inches). | inches). | inches). inches). | inches).| inch). 


10.23 4.38 | 12.48 18. 24 1,42 3.083 16.73 3.16 | 4.16 


1.64 117 1.21 1.88 -28 86 2.14 | 56 2.36 

23,80 31.89 19. 89 18.30 83.51 80.45 10.68} 29.74 30.02 
1.85 58 | 32 5 85 1.92 9.25 6.18 94 
2.06 6.64 34, Bt 35,55 18.25 


58.50 | 58.65 | 29.89 | 29.09 37.20 
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HCO; --.- 192] 2.19 L@ 1.69 7.64 
NOs .....- adie eeid | seetucocd eaten iol Senstidne Yossie 
CaSO4.... 2.92) 9.44] 42.14 | 44.96 4.81! 10.14, 11.04) 10.59 720 
CaCh.....) 8.98, 4.88 Jee i dezdeueut adeven bios lecoxees ued 97.87 |... 5.15 
Mg8O4._.).-----2-02Jeeee-eeee 6.00 4,76 1.42 AO |..--------| eee oe eeeeace 
MgCl... 6.40 4:45) | ccesseocud 1.69 Jo. eee ceeeeaeee| 8.19 2.28 9.07 
KCl... 8.48 1.10 58 1.38 1.56 3.24| 20.29] 11.70 1.80 


NaySOq--.- 


Soluble -. 2.81 2.79 3.14 38.19 1.41 98 c 1.07 37.52 


These samples vary much in composition, but chlorides are seen to 
be the predominating salts. One astonishing feature is the large 
quantity of calcium chloride in most of the samples. The origin of 
this salt has been considered. In an average of the eighteen samples 
examined 14.4 per cent of calcium chloride was found. With the 
exception of calcium sulphate the sulphates are low in the crusts, 
nearly all of the material being chlorides. In one sample, which was 
collected from the loam area west of Phoenix, a large quantity of 
nitrates was found. Sample No. 4416 shows an analyses of a sample 
in which was found 20 per cent sodium nitrate and 15 per cent potas- 
sium nitrate. The nitrate spots are small and are generally found in 
the lower edges of irrigated fields on little ridges or elevations which 
are not covered by water. The soil is reddish brown and very sticky. 
These nitrate spots are usually limited to areas of a few feet, and are 
not shown upon the alkali map unless they fall within some other 
alkali area. 

The alkali of the Phoenix area is confined to land near the river. 
As a rule, the uplands are free from alkali. The salts which have 
been leached out of the uplands have been carried down and are now 
appearing in the lower lands near the trough of the valley. Here 
the water in wells has risen slightly and carried the salt a little 
nearer the surface. The alkali, which is now near the surface of the 


3828 FIELD OPERATIONS OF THE DIVISION OF SOILS, 1900. 


ground, was, before irrigation began, distributed in the depths of the 
soil. Sosoon as irrigation thoroughly wet the soil the capillary move- 
ment began to carry the alkali salts to the surface. Perhaps the 
greatest change has taken place under the St. Johns Canal. Here 
the land was considered free from alkali until a heavy flood soaked 
the ground and started the upward capillary movement of the salts. 
At present the greater part of the land below this canal is too alka- 
line for alfalfa. This being the lowest point of the valley, it natu- 
rally receives the seepage from the entire valley and here is found 
the maximum accumulation of alkali. 

The same general principles apply in the reclamation.of the alkali 
soils of the Phoenix area as were outlined for the Tempe area. The 
areas of land which are so badly alkaline offer excellent opportunity 
for the date palm. This is particularly true of the St. Johns country. 


BUCKEYE SHEET, 


The Buckeye sheet is long and narrow. The southern part is low 
and contains soils of great capillary power. The large draw, which 
has been described as being possibly an old channel of the Agua 
Fria River, is lower than the land between it and the Gila River, and 
has in particular suffered from alkali. Thus, the alkali map (fig. 34) 
shows a long narrow strip of bad alkali land flanked on each side 
by land free from excessive amounts of salts. The dividing line 
between the good and the bad land is sharply drawn, and there is 
very little land which could be called half way between the two con- 
ditions. The water underlying the draw, or at least its center, has 
been seen to be good when compared with the waters on either side 
of the zone; and yet the evaporation of these waters, augmented no 
doubt by occasional floods, has given rise to the quantities of alkali 
upon the surface of the ground. South of this draw is an area of 
Gila fine sandy loam elevated adove the draw, level, and of excellent 
quality. Though it contains small quantities of alkali salts in the 
virgin condition, no accumulations of alkali have occurred from irri- 
gation. North of the draw the sandy loams are porous, the slope 
great toward the river, and the drainage good. Alkali salts which 
have been leached from this land have in part. gone to increase the 
salt content of the lower fine sandy loams. 


RIGATION FROM CANALS AND HIGHER IRRIGATED LANDS BELOW ST. JOHNS CANAL, PHOENIX AREA. 


uckeye sheet, showing lands with less than .25 per cent and lands with more than .50 per cent. 
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The chemical composition of the alkali of the Buckeye sheet is seen 
from. the following analyses: 


Chemical analyses of alkali salts of Buckeye sheet. 


+ 4536. 4529. | sane | 4533. | aio | ABSIT. 
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The presence of black alkali is general in the Buckeye district, but 
since in every case there is an excess of white salts the application of 
gypsum to neutralize the sodium carbonate is useless. 

Drainage is the most urgent requirement of the alkali soils. One 
large drainage line down the center of the alkali draw should be con- 
structed, and such lateral drains as experience shall prove necessary. 
Encroachments have already been made into the edge of the alkali 
district with success. The only obstacle now remaining is the slow 
removal of the excess of underground waters which result from heavy 
irrigation. Date palms could probably be grown in the whole of the 
draw if care were used in starting them. 

The water supply at Buckeye is permanent and sufficient for the 
entire area under the ditch, and judging from the success which has 
attended farming operations under this canal this draw offers one of 
the most attractive fields for reclamation. The distance from market 
renders the raising of cattle the best industry for the people, and this 
alkali draw eould be rapidly seeded to Australian salt bushes, and 
while part of it was being reclaimed the remainder could pay interest 
as pasture land. 
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Southern Arizona possesses a semitropical climate in which the cul- 
tivation of fruits able to withstand small amounts of frost is possible. 
The number and severity of frosts, however, is not sufficient to injure 
certain classes of subtropical fruits. 

Fruit growing is unquestionably a profitable branch of farming, 
and the cultivation of oranges, lemons, and such semitropical fruits 
is perhaps the most profitable branch of fruit growing, especially 
in a semitropical climate. The tendency, therefore, has been to 
extend fruit farming. Owing to the difficultiesin the way of market- 
ing fruit, this industry has not been largely increased in the past few 
years. At present the industry is centered on alfalfa, grain, and cat- 
tle. Cattle raising is perhaps the oldest agricultural industry of the 
valley. The uncertainty of the range country in dry seasons and the 
difficulty of fattening cattle on the range has led to the growing of 
alfalfa and other forage crops and the fattening of cattle for market. 
As a branch of this industry, dairying has sprung up to supply the 
market demands. These three industries will be considered sepa- 
rately. 

FRUIT FARMING, 


Oranges.—The orange industry of the Salt River Valley is as yet in 
its infancy. Only a few orchards of any size are in bearing, but the 
success obtained by these has started a rapid development, and orange 
groves are rapidly being set out. The district considered most favor- 
able for oranges lies along the base of Camelback Mountain and the 
Phoenix Mountains. Here the frost is least and the daily range of 
temperature the smallest. No complete losses have ever been experi- 
enced from frost, for the fruit ripens early and is off the trees before 
the frost comes, yet on two occasions the trees have been damaged. 

One great advantage which orange groves here have over southern 
California orange groves is the date of ripening. Arizona oranges 
ripen in time for the Thanksgiving market and for this reason have 
the advantage of high prices. The larger part of the fruit is marketed 
by Christmas. 

The orange belt is no doubt capable of extension over a much larger 
area than is at present supposed to be orange territory. Great care 
should be given to the selection of orange lands, for there are certain 
areas not suited to orange culture. 

Vineyards.—The warm dry climate is eminently suited to the pro- 
duction of fine grapes. Raisin and wine grapes have been planted 
in great quantities and the vineyards have been a success in every 
way except financially. This failure is not the result of any deficiency 
in the country, climate, or soil, but it is the high freight rates which 
practically prohibit the shipping of dried fruits out of the Territory. 
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Raisins of a fine quality can be grown, and as soon as the shipment 
to outside markets is possible a great field will open here. Wine 
grapes are raised and a few small wineries are in operation. 

Figs.—Figs are grown, but the cost of labor in handling them 
and the freight rates out of the Territory make the industry a financial 
failure. 


Stone fruits.—The growing of stone fruits is another industry held 
down by the cost of labor and freight rates. Excellent fruits of this 
class are grown, but the trade is largely within the Territory. 
Almonds, when they escape the late frosts, are profitable, and olives, 
which are weighty in proportion to their value, may prove a success 
financially. 

CATTLE RAISING, 


Alfalfa growing and cattle raising go together. Alfalfa is the most 
profitable forage plant, and cattle raising is considered the most 
profitable general agricultural industry in the Salt River Valley. 

Alfalfa does well upon all classes of land except certain tracts of 
very heavy land or land underlain by an impervious hardpan. Such 
land is infrequent in the Salt River Valley. The practice of sowing 
barley with the first crop of alfalfa, and thus obtaining one cutting 
of mixed hay, is worthy of imitation by other irrigation districts in 
the West. Any excess of alfalfa hay over that required for the fat- 
tening of cattle finds ready sale in southern California markets and in 
the mining districts of the Territory. 


DAIRYING, 


The dairying industry, while not large, is important in some portions 
of the valley. One creamery at Tempe, two at Phoenix, and another 
at Mesa are in operation. The mining camps and railroad towns, as 
well as the local markets, use all of the dairy products of the valley, 
and there is yet a large field for increase in the production. 

There are a number of poultry farms and apiaries in the valley, and 
all ot them could be made profitable. The production of honey exceeds 
the local demand, but the high freight rates allow little profit on the 
honey shipped out of the Territory. 
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